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JRACTICA. aſtronomy was much benefited by the 
invention of the wire micrometer, for meaſuring dif- 
: 8 of right aſcenſion and declination: nor did it re- 


ceive leſs advantage from Mr. SAVERY's moſt ingenious in- 
vention of the divided object-glaſs micrometer, which 

f has been rendered more commodious by the late Mr. 

JOHN. DOL.L.OND'S application of it to the object-end of a 

reflecting teleſcope, or the preſent Mr. PETER DOLLOND'S. 

application of it to the object- end of an achromatic re- 
fracting one. 

But, valuable as the object glaſs micrometer un- 
doubtedly is, ſome. difficulties have been found in the 
uſe of it, owing to the alterations in the focus of the eye, 
which are apt to cauſe it to give different meaſures of the 

_ ſame angle at different times. For inſtance, 1 in meaſuring 
the Sun's diameter, the axes of the pencils of rays, which 
came through the two ſegments of the object-glaſs from 


A 2. contrary 


— — — — — 
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contrary limbs of the Sun, croſſing one another at the 
focus of the teleſcope under an angle equal to that of 
the Sun's diameter, the union of the limbs of the two 
images of the Sun cannot appear perfect unleſs the eye 


be diſpoſed to ſee objects diſtinctly which are placed at 


point of interſection. But it the eye be diſpoſed to ſee. 
objects diſtinctly, which are placed nearer the object- - 


glaſs than the interſection is, the two limbs will appear 


ſeparated by the interval of the axes of the pencils in 
that place; and if the eye be diſpoſed to ſee objects diſ- 


5 tinctly, which are placed farther from the object glaſs 


than the interſection 1 18, the two limbs will appear to en- 


croach upon each other by the diſtance of the axes of the 
| pencils, after their croſſing, taken at that place. 


by 6 explain this, let ov (plate 2 fig. T9 repreſent 


the centres of the two ſemi-circular glaſſes of the object- 


claſs micrometer, ſeparated to the diſtance ov from each 


other, ſubtending the angle 0av, equal to the Sun's dia- 


meter, at the point a, which is the common focus of the 


two pencils of rays having 09 and va for their axes, 


namely, thoſe proceeding from contrary ſides of the Sun, 
and paſſing through the contrary ſemi-circles; and let d 


: be the eye-glaſs. It 18 evident, that if 4 be properly 
placed to give diſtinct viſion of objects placed at the point 
, the rays 0 A, V a5 as well as all the other rays belonging 


o 


a new priſmatic Micromeler. 8 
to thoſe pencils, will be collected into one point upon the 
retina of the eye; and conſequently, the two oppoſite 
limbs of the two images of the Sun will ſeem to coin- 
cide, and the two images of the Sun to touch one ano- 
ther externally. But if the ſtate of the eye ſhould alter, 
the place of the eye-glaſs remaining the ſame, the eye 
will be no longer diſpoſed to ſee the image formed at the 
point 4 diſtinctly, but to ſee an object placed at ef; 
nearer to or farther from the object-glaſs diſtinctly; and 
therefore an image will be formed on the retina exactly 
ſimilar to the ſomewhat confuſed image formed by the 
rays on a plane perpendicular to their courſe at ef. Con- 
ſequently, as the two cones of ſolar rays, boa, Va, 
formed by the two. ſemi-circles, are ſeparated or en- 

croach upon one another at this point of the axis by the 
diſtance ef, the two images of the Sun will not ſeem to 
touch one another externally, but to ſeparate or to encroach 
upon one another by the interval ef. The error hereby 
| introduced into the meaſure of the Sun's diameter will 
be the angle erf, ſubtended by e Fat 7 the middle point 
5 betw een o and V, which 18 to eaf or oa v, the Sun s ap- 
parent diameter, as a7 to er, or even to ar, on account 
of the ſmallneſs of ae with reſpect to ar. 
Theſe confiderations concerning the cauſe of a prin- 
cipal error that has been found 1 in the object-glaſs micro- 
B meter, 
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meter led me to inquire, whether ſome method might 
not be found of producing two diſtinct repreſentations of 
the Sun, or any other object, which ſhould have the axes 
of the pencils of rays, by which they are formed, diverg- 


ing from one and the ſame point, or nearly ſo: and it 


occurred to me, that this might be done by the refraction 
of a priſm placed to receive part of the rays proceeding 


from the object, either before or after their refraction 


through the object- glaſs of a teleſcope. If the priſm be 


placed without the object- glaſs, the rays that are re- | 


fracted through it will make an angle with the rays 


that paſs beſide it equal to the retraction of the priſm; 
and this angle will not be altered by the refraction of the 
object- glaſs afterwards. Conſequently, two images of an 
object will be repreſented, and the priſm ſo applied will 
enable us to meaſure the apparent diameter of any ob- 
ject, or any other angular diſtance which is equal to the 
refraction of the priſm. But if the priſm be placed 


within the ab) ect- glaſs, that is to ſay, between the object- 


glaſs and eye-glaſs, the angle meaſured by the inſtrument 

will vary according to the diſtance of the priſm from the 

focus of the object- glaſs, bearing the ſame ratio to the 
F efraction of the priſm, as the diſtance of the priſm from 
the focus bears to the focal length of the object- glaſs. 


Let 


J 


, 
# 8 5 . 
1 - a r ä — O oo . S 52 
e as Ns. We crak REY 3 
T PP M ·˙ö - 3 — "thy 4, £ 
E ER ne x * : L x] __— 4 1 e „ 7 
oe” J's; 15 : : 


EV: ö 
EE RSA TT tot on on PAID 


3 PX 
4 = <A < os. 0 Ea b 8 
I BC JR a e 2 . OI 1 nt I een, he ha os ne > 5 
3 E ERS 67 © 7 J 5 q * * : - \ \ . . 
A and] af LIE FOG . 4 * - a PI) + av. or Her IRS «© 4 
n * r * * . 5 


5 IE ER 
3 
a 


reg OSS "RY age 8 . n 


a new Hiiſimatic Micrometer. 1 

Let Ac (fig. 2.) repreſent the object-glaſs, and d the 
eye-glaſs of a teleſcope, and PR a priſm placed to in- 
tercept part of the rays coming from an object, ſup- 
poſe the Sun, before they fall on the object-glaſs. The 
rays EE proceeding from the Eaſtern limb of the Sun, 
and retracted through the object-glaſs Ac; without paſ- 
ſing through the priſm, will form the correſponding 
point of the Sun's image at e; and the rays ww proceed- 
ing in like manner from the Weſtern limb of the sun 
will be refracted to form the correſpondent point of the 
Sun's image at w. But the rays 2E, 2E, 2 W, 2W, pro- 

ceeding in like manner from the Eaſtern and Weſtern 

limbs of the Sun, and falling on the priſm PR, and 


thence refracted to the object-glaſs ac, will, after re- 


fraction through it, form the correſpondent points of the 
Sun's image at ac, 270, Let the refraction of the priſm 
be equal to the Sun's apparent diameter: in this caſe, at 
whatever diſtance the priſm be pl aced beyond the object- 
glaſs, the two images of the Sun wwe, 20 e, will touch 
one another externally at the point eaw; for the rays 
2 W, 2W, proceeding. from the Weſtern limb of the Sun 
being inclined to the rays EE proceeding from the 
Eaſtern limb 1 in the angle of the Sun's apparent diame- 
ter, will, after ſuffering a refraction in paſſing through | 
the Prim equal to the Sun's apparent diameter, emerge 
* — from 
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from the priſm and fall upon the object-glaſs parallel to 
the rays EE, and conſequently will have their focus 22 
coincident with the focus e of the rays EE, and therefore 


the two images of the Sun we, 2702e, will touch one 


another externally at the point ea, and the inſtrument 


will meaſure the angle xc2w, and that only. 


But if the priſm be placed within the teleſcope, the 


angle meaſured by the inſtrument will be to the refrac- 
tion of the priſm as the diſtance of the priſm from the 
focus of the object· glaſs is to the focal diſtance of the 


object-glaſs: or if two priſins be uſed to form the two 
images, with their refracting angles placed contrary 


Ways, as repr eſented 1 in fig. 3. and 4. the angle meaſured 
will be to the ſam of the refractions of the priſms as the 
diſtance of the priſins from the focus of the object- glaſs : 
is to the focal diſtance of the object-glaſs. For let acB. 
(fi g. 3. repreſent the object-glaſs, and d the eye- glaſs of. 
a teleſcope, and PR, RS, two priſms interpoſed between 
them, with their refracting angles turned contrary ways, 
and the common ſections of their refracting planes 


touching one another at R. The rays proceeding from 
an object, ſuppoſe the Sun, will be diſpoſed, by the re- 
fraction of the object-glaſs, to form an image of the Sun 


at the focus; but part of them falling on one priſm, and 
part on the other, will be thereby refracted contrary 
ways, ſo as to form two equal images wwe, 2e, which, 

: it 
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a new priſmatic Micrometer. Co 
if the refractions of the priſms be of proper quantities, 
will touch one another externally at the point 2. Let 
ECN be the axis of the pencil of rays EE proceeding from 
the Sun's Eaſtern limb; and wco the axis of the pencil 


of rays ww proceeding from the Sun's Weſtern limb; 


and the point N the place where the image of the | 
Sun's Eaſtern limb would be formed, and the point o 
where that of the Weſtern limb would be formed, 


were not the rays diverted from their courſe by the 
refractions of the priſms. But by this means part 
of the rays EE, Which were proceeding to N, falling 
on the priſm PR, will be refracted to form an image of 
the Sun's Eaſtern limb at e, while others of the rays EE, 


which fall on the priſm RS, will be refracted to form an 


image of the Sun's Eaſtern limb at 26. In like manner, 


part of the rays WW, which were proceeding to form an 


image of the Sun's Weſtern limb at o, falling on the 
priſm Rs, will be refracted to form an image of the Sun's- 


Weſtern limb at 270 coincident with e, the point of the 


image correſpondent to the Sun's Eaſtern limbs while. 
others of the rays ww, which fall on the priſm pn, will be 


refracted to form the 1 image of the Sun's Weſtern limb at 
The two images we, 2222, are ſuppoſed to touch one 


: . externally at the point 27. The ray EFR, which: 


belongs to the axis ECN, and is refracted by the priſm 


PR. to e, undergoes the refraction NRe, which (be- 


cauſe 
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cauſe ſmall angles are proportional to their ſines, and the 
fine of NR2 is equal to the ſine of its ſupplement NRC) 
is to NCR as NC or ce is to NR or Re. In like manner, the 
ray wok, which belongs to the axis wWœo, and is refracted 
by the priſm ns to 240 or e, undergoes the refraction oR e, 
which is to oce as OC Or ce is to Ro or Re; therefore, by 
compoſition, ORN the ſum of the refractions on e, NR e, is 


5 to ocN the ſum of the angles OCe, NCe, or the Sun's ap- 

h . parent diameter, as Ce to Re; that is, as the focal diſtance 

1 of the object-glaſs to the diſtance of the priſms from the 

L 3 . focus of the object- glaſs. | I 
5 | Or let the priſms PR, Rs, be placed with their refract- 1 
1 ing angles P, s, turned from one another as in fig. 4. | 

| | 4 Z the refraction of the priſm PR will transfer the i image of 

1 the Sun from ON to ro e, and the refraction of the priſm 

þ RS will transfer the image ON to 2 b ½ , the two images ” 
* 


2W ac, We, touching one another externally at the Point 
20. Let EN, WCO, be the axes of the pencils | of rays 
| proceeding from the two extreme limbs of the Sun, and 
N, o, the Points where the images of the Sun's Eaſtern 
and Weſtern limbs would be formed by the object-glaſs, 
were it not for the refraction of the priſms; ; the ray EFR, 
which belongs to the axis ECN, and is refracted by the 
priſm Rs to 25, undergoes the refraction NRae; and the 
2 WGR, Which belongs to the axis co, and! 18 refracted 


by 


glaſs. 


I ee I end. es 
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by the priſm PR to 20, undergoes the refraction OR v. 


Now Noae, part of the angle meaſured, is to NR2e, the 


refraction of the priſm RS, as Rev to co; and oc 2v, the 


other part of the angle meaſured, is to ory, the refrac- 


tion of the priſms, in the ſame ratio of rw to cw: there- 
fore oc, the whole angle meaſured, is to oRN, the ſum. 
of the refractions of the two 1 as RCD to C2; 


that is, as the diſtance o e > s from the focus 


of the object- glaſs to "FL Teal & ice of the Os 
3 © + 25 WY 
< LR x8 


When the priſms are placet in the manner repre- 


ſented i in fig. 3. the Point 2 of the image We is illumi- 
nated only by the rays which fall on the object-glaſs be- 
tween A and y, and the point 2 only by the rays which 
fall on the object- glaſs between B and G. Now the an- 


gles CRF, CRG, equal to the refractions of the priſms, 


being conſtant, the ſpaces Fe, CG, will increaſe ; in propor- 
tion as the diſtances Rr, RG, increaſe, and the ſpaces AF, 
GB, diminiſh as much; and therefore, the images at the 
Point of mutual contact £220 will be each illuminated by 
half the rays which fall on the object-glaſs when the 
priſms are placed cloſe to the object-glaſs; but will be 
enlightened leſs and leſs the nearer the priſms are 
brought to the focus of the objoct- glaſs. 


| But: 
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But when the priſms are placed in the manner ſhewn 


in fig. 4. the images at the point of contact, as the priſms 
are removed from the object-glaſs towards the eye-glaſs, 


will be enlightened with more than half the rays that 
fall on the object- glaſs, and will be moſt enlightened 


when the priſms are brou ght to the focus itſelf; for the 


point 22 of the image 2w2e will be enlightened by all 


the rays EE that fall on the object- glaſs between B; and 5, 
and the point 20 of the image we will be enlightened by 
all the rays ww which fall on the object-glaſs between A 


and G. But the difference of the illuminations is not | 


very conſiderable in achromatic teleſcopes, on account of 
dne great aperture of the object-glaſs; as the greateſt 
: ſpace FG is to the focal diſtance of the object-glaſs, as the 
ſum of the ſines of the refractions of the e priſms i is to the 
radius. 


There is a third way, and perhaps the beſt, of placing 


the priſms, ſo as to touch one another along their ſides 
which are at right angles to the common ſections of their 


refracting planes. In this diſpoſition of the priſms, the 
images will be equally enlightened, namely, each with 


half the rays which fall on the object-glaſs, wherever 
the priſms be pieced: between the object-glaſs and eye- 


glaGs 5 


e | 


a new priſmatic Micrometer. 13 
From what has been ſhewn it appears, that this in- 
ſtrument, which may be properly called the priſmatic 
micrometer, will meaſure any angle that does not exceed 
the ſum of the refractions of the priſms, excepting only 
very ſmall angles, which cannot he taken with it on ac- 
count of the vaniſhin g of the pencils of rays at the junc- 
ture of the two priſms near the focus of the object-glaſs; 
that it will afford a very large ſcale, namely, the whole 
focal length of the object-glaſs for the greateſt angle 
meaſured by it; and that it will never be out of adjuſt- 
ment; as the point of the ſcale where the meaſurement 
begins (or the point of 0) anſwers to the focus of the 
objedt-glaſs, which is a fixed point for celeſtial objects, 
and a point very eaſily found for terreſtrial objects. All 
that will be neceſſary to be done, in order to find the 
value of the ſcale of this micrometer, will be to meaſure 
accurately the diſtance of the priſms from the focus 
when the inſtrument is ſet to meaſure the apparent dia- 
meter of any object ſubtending a known angle at the 
centre of the object-glaſs, which may be eaſily. found by 

| experiment, as by meaſuring a baſe and the diameter of 
the object obſerved placed at che end of it, in the man- : 
ner practiced with other micrometers: for the an gle ſub- 
tended by this object will be to the angle ſubtended by a 
celeſtial object, or very remote land object, when the 
TX 1 F 


Ca 
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diſtance of the priſms from the principal focus is the 
ſame as it was found from the actual focus in the ter- 
reſtrial experiment, as the principal focal diſtance of the 
object-glaſs i is to the actual focal distance! in the ſaid ex- 
0 periment. 
It will, I apprehend, be the beſt way in Practice, in- 
ſtead of one priſm to uſe two priſms, refracting contrary 
ways, and ſo divide the refraction between them (as re- 
preſented in fig. 3. and FRYE Achromatic priſms, each 
compoſed of two priſms of flint and crown-glaſs, placed 
with their refracting angles contrary ways, will un- 
doubtedly be neceſſary for meaſuring angles with great 
preciſion by this inſtrument: and I can add with plea- 
Lure, that I find by experiment made. with this inſtru- 
ment, as it was executed by Mr. DOLLOND with achro- 
matic priſms, ground with great care for this trial above 
a twelve- month ago, that the images after refraction 
through the priſms appear very diſtinct; and that obſer- 
vations of the apparent diameters of objects may be 
taken in che manner here propoſed with eaſe and Pre- 
ciſon. . | 
Two or more ſets of priſins may be adapted to the a 
ſame teleſcope, to be uſed each in their turn, for the more 
commodious meaſurement of different angles. Thus it 


may be very convenient to uſe one ſet of prifins : for mea-- 
ſuring 


4 
1 } 
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ſuring angles not exceeding 36 and conſequently fit for 
meaſuring the diameters of the Sun and Moon, and the 


lucid parts and diſtances of the cuſps in their eclipſes; 
and another ſet of priſms to meaſure angles not much 


_ exceeding one minute, and conſequently fit for meaſur- 
ing the diameters of all the other planets. This latter 
ſet of priſms will be the more convenient for meaſuring 
ſmall angles, on account of a ſmall imperfection attend- 
ing the uſe of this micrometer, as before mentioned; 


namely, that angles cannot be meaſured with it when the 


priſms approach very near the focus of the object- glas, 
the pencils of rays being there loſt at the Pe OE: 
| the priſms touch one another. 


Upon the principles that have been here explained, a 


| priſm placed within the teleſcope of” an aſtronomical i in- 
ſtrument, adjuſted by a plumb-line « or level, to receive all 
the rays that paſs through the obje&t-glaſs, may conve- 
niently ſerve the purpoſe of a micrometer, and ſuperſede 
the uſe both of the vernier ſcale and the external micro- 
meter; and the inſtrument may then be always ſet to 
ſome even diviſion before the obſervation.” Thus the 
uſe of a teleſcopic level may be extended to meaſure 
with great accuracy the horizontal refractions, the de- 
4 preſſion of the horizon of the ſea, and ſmall altitudes 
and depreſſions of land objects. Time and experience 7 
— 8 ill 
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will doubtleſs ſuggeſt many other uſeful applications of. 
this inſtrument. 

A paper from the learned Abbe BosCoOVICH was wad . 
before this Society the ninth of laſt June, deſcribing a. 
ſimilar contrivance as an invention of the Abbe ROCHON, 

in which the Abbe roscovicn himſelf alſo claims ſome 

ſhare; 1 therefore deſire to acquaint this Society, that L. 

communicated this invention to Mr. DOLLOND, and had. 

it executed by him; and alſo ſhewed the. inſtrument itſelf, a 

ſo executed, to my eſteemed friend ALEXAN DER AUBERT, : 

5 eſq. fellow of this Society, a gentleman very well quali- 5 
fied to judge of things of this nature, above a twelve- 
| month before the communication of the Abbe BOSCO-- 
8 VICW 8 paper, as will appear from their written atteſta- 
tions, drawn up at my deſire, deſcribing the particulars. 
: of the communication of. this invention. which I made to 
them ſo long ago. May 1 be permitted. to remark, that : 
this inſtrument having been executed by my directions, | 
in ſeveral forms, by Mr. DOLLOND, | between the months, . 
of March and Auguſt, 1776, and ſet up and tried at his 
houſe in the preſence of ſeveral of his workmen, could. 
not be conſidered as an abſolute ſecret concealed from the 
public. However, 1 doubt not that the followin g atteſta- 5 
; tions of Mr. AU BERT and Mr. 'DOLLOND will ſufficiently, 


prove my title to this invention of the priſmatic micro- 
meter; 


a new priſmatic Micrometer. mY”! 
meter; and I take this opportunity of exhibiting to the 
Society the inſtrument itſelf, mentioned in Mr. poL- 
LOND'S letter as executed by himſelf accordin g to my di-- 
rections, and ſent to the. Royal Obſervatory 1 in the month. 
of Auguſt 1776. 


Greenwich, | 
December 11, 1777. 


0 THE REV. DR. MASK BE N E. 


n St. Paul's Church: yard, 
RE v. 5 s 1 N Nov. 22, 1777. | 


ACCORDING to your ; Sali I ſend the following 
. particulars of the experiments which were made by your 
directions, for compleating a new kind of micrometer for 
meaſ uring ſmall angles. About the beginning of April 
1576, I received your firſt directions reſpecting this mat- 
ter, which were to make two priſmatic glaſſes or wedges ; 
of ſuch angles that rays of light, which paſſed through. 
them, ſhould be refracted about 18” of a. degree: theſe : 
were to be placed between the object- glas and eye-glaſs 
of an achromatic teleſcope about 30 inches long. The 
angular edges of the two priſmatic glaſſes were to be- 
Placed in contact with each other; they. were. to be 
moved 1 in a Parallel poſition from the object-glaſ to the | 
| focus: 


; 
1 i 
i 
| 
iq 
N 
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focus of the eye-glaſs, and to be of ſuch a ſize as to cover 
the aperture of the object- glaſs when brought cloſe to it. 
By the refraction of theſe wedges two images were 


formed in the teleſcope, which were at the greateſt diſ- 


tance (about 360 when the wedges were cloſe to the ob- 


ject- glass, and approached as they were moved towards 


its focus, where they united; ſo that the whole focal 


diſtance of the object-glaſs was to be the length of the 
ſcale for meaſurin g the angular diſtance of the two 
images formed in the teleſcope. When theſe wedges 
Were applied, as above deſcribed, the two images were 


found to be coloured to a great degree, occaſioned by the 


refraction of the wedges. | This defect you directed me 
to remove by making the priſmatic glaſſes or wedges 
| achromatic, on the ſame principles as the achromatic 
object- glaſſes; and, after ſome difficulties, this was ef- 
fected; the two images formed 3 in the teleſcope appeared 
5 free from colours and diſtinct. The above experiments : 
5 were made in a rough wooden tube, with an inconve- 
5 nient method of moving the wedges by hand: in this 
ſtate it was When ſhewn to ALEXANDER AUBERT, eſd. 
P. R. 8. towards the end of May, 1 776; after which vou 


deſired to have it done in a more compleat manner, in a 
braſs tube, with a means of turning the tube round to 
take angles in different directions, and 1 method of 
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moving the wedges with a ſcrew. This was compleated 
about the middle of Auguſt in the ſame year, and then 
ſent to the Royal Obſervatory. I have the Honour to de, 


REVEREND SIR, 
Your obedient humble ſervant, 
PETER DOLLOND. 5 


1 HERE BY Y that in the month of May; | 


177 6, the Rev. Mr. MASKELYNE, . mag Pang 
produced to me, at Mr. DOLLOND) 8 houſe in St. Paul's 


church-yard, and 1 in his preſence, as a new invention of | 

his own, an inſtrument for meaſuring ſmall an gles, con- 
1 ſiſting of two achromatic priſms or wedges applied be- 
. tween the object- glaſs and eye-glaſs of an achromatic 

5 teleſcope about 30 inches long, by moving of which 


wedges nearer to, or farther from, the object-glaſs, the 
two images of an object produced by them appeared to 0 
approach to, or recede from, each other, ſo that the focal 


length of the object-glaſs became a ſcale for mfr: ; 


the angular diſtance of the two images. | 


5 5 oy ALEX*, AUBERT:. 
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